Photon-neutrino interaction in ^-exact covariant noncommutative model: 
Phenomenology and Quantum properties* 
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We construct the 6-exact covariant noncommutative (NC) model and obtain various closed con- 
straints on the NC scale (Anc) from inelastic neutrino-nucleon scatterings [vN v -\- X), from 
plasmon decay into neutrino pair (7p; uv), from the BBN nucleosynthesis and from the reheat- 
ing phase after inflation, respectively. We have have found neutrino two-point function in a closed 
form. It shows decoupling of the UV divergent term from softened UV/IR mixing term and from 
the finite terms as well. We show that problematic UV divergent and UV/IR mixing terms van- 
ish for a certain choice of the noncommutative parameter 9 which preserves unitarity. We find 
non-perturbative modifications of the neutrino dispersion relations which are assymptotically inde- 
pendent of the scale of noncommutativity in both the low and high energy limits and may allow 
superluminal propagation. 



Introduction 

The study of spacetime quantization has originally been 
motivated by major problems of physics at extremely- 
high energies, in particular the problems of renormaliza- 
tion and quantum gravity. Heisenberg-type spacetime 
uncertainty relations can effectively lead to a replace- 
ment of the continuum of points by finite size spacetime 
cells, thus providing a means by vifhich to tame UV di- 
vergences. It is reasonable to expect that noncommuta- 
tive (NC) field theory models can provide some guidance 
for a deeper understanding of the structure of spacetime 
at extremely-high energies. In fact, these NC models ap- 
pear quite naturally in string theory [l| . The relevant NC 
scale may very well be beyond direct experimental reach 
for the foreseeable future (except in certain theories with 
large extra dimensions). Nevertheless, non-pcrturbative 
effects can nevertheless lead to profound observable con- 
sequences for low energy physics. A famous example is 
UV/IR mixing ^ Another striking exarnple is the 
running of the coupling constant of NC QED [J] , render- 
ing that theory asymptotically free. In this article we de- 
rive similarly non-perturbative result for i/-propagation 
in the NC spacetimes, including in particular modified 
dispersion relations that allow superluminal velocities as 
they are currently discussed in the context of the OPERA 
experiment [![. 

In a simple model of NC spacetime local coordinates 
are promoted to hermitian operators a;^ satisfying space- 
time NC and implying uncertainty relations 



ie'^'' ^ Ax^'Ax" >^\e^"'\, (1) 



where 0'^" is real, antisymmetric matrix. 

The Moyal-Weyl ^-product, relevant for the case of a 
constant 9'^'^, is defined as follows: 

(/*5)(^) = /(^)e*^''"^3(x). (2) 
The operator commutation relation ([T]) is then realized 



by the Tt-commutator 



(3) 



In our construction the noncommutative fields are ob- 
tained via so-called Seiberg-Witten (SW) maps Q from 
the original commutative fields. It is commutative in- 
stead of the noncommutative gauge symmetry that is 
preserved as the fundamental symmetry of the theory. 

The perturbative quantization of noncommutative field 
theories was first proposed in a pioneering paper by Filk 
0. However, despite of some significant progress like the 
models in Q and Q, a better understanding of various 
models quantum loop corrections still remains in general 
a challenging open question. This fact is particularly true 
for the models constructed by using SW map expansion 
in the NC parameter 9, including NCSM j9|-|l2|. However 
the resulting models are very useful as effective field the- 
ories including relevant phenomenology and their 
one- loop quantum properties [l7-27|. 

Quite recently, 0-exact SW map expansions, in the 
framework of covariant noncommutative quantum gauge 
field theory (28| . were applied in loop computation 
[29I - I32I 1 and phenomenology 33, 3^ . 



1. Phenomenological motivation 
Our main motivation to discuss a constraint on the scale 
of the NC guge field theory (NCGFT), Anc, arising from 
ultra-high energy cosmic ray experiments involving v- 
nucleon inelastic cross section, is physically due to the 
possibility of a direct coupling of i^'s to gauge bosons in 
the NC background pjj, which plays the role of an ex- 
ternal field in the theory (see i.e. Fig. [IJ. The observa- 
tion of ultra-high energy (UHE) i/'s from extraterrestrial 
sources would open a new window to look to the cos- 
mos, as such z^'s may easily escape very dense material 
backgrounds around local astrophysical objects, giving 
thereby information on regions that are otherwise hid- 
den to any other means of exploration. In addition, i^'s 
are not deflected on their way to the earth by various 
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FIG. 1: Diagrams contributing to vN 1/ + X processes. 
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FIG. 2: i/N + anything cross sections vs. Anc for = 
10^° GeV (thick lines) and = lO" GeV (thin lines). FKRT 
and PJ lines are the upper bounds on the iz-nucleon inelastic 
cross section, denoting different estimates for the cosmogenic 
i/-flux. SM denotes the SM total (charged current plus neutral 
current) i^-nucleon inelastic cross section. The vertical lines 
denote the intersections of our curves with the RICE results. 
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FIG. 4: The plot of scale Anc versus the plasmon frequency 
Ldpi with R = 1 
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FIG. 5: The plot of the scale Anc versus Tdec for perturba- 
tive/exact solution (dashed/full curve). 
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FIG. 3: The intersections of our curves with the RICE results 
(cf. Fig. 2) as a function of the fraction of Fe nuclei in the UHE 
cosmic rays. The terminal point on each curve represents the 
highest fraction of Fe nuclei above which no useful information 
on Anc can be inferred with our method. 



magnetic fields, pointing thus back to the direction of 
distant UHE cosmic-ray source candidates. This could 
also help resolving the underlying acceleration in astro- 
physical sources. 

Since the GZK-structurc in the energy spectrum of 
UHE cosmic rays at ^ 4 x 10^^ eV has been observed 
recently with high statistical accuracy [s^, the flux of 
the so-called cosmogenic v's, arising from photo-pion pro- 
duction on the cosmic microwave background pjcM b ~^ 
A* — Nt: and subsequent pion decay, is now guaranteed 
to exist. Although estimates for the cosmogenic j/-fiux 
are very model-dependent, primarily due to our insuf- 
ficient knowledge of the nature and the origin of UHE 
cosmic rays, possible ranges for the size of the flux of 
cosmogenic i^'s can be obtained from separate a naly sis of 



oarysis c 



the data from various large-scale observatories 

Considering the uncertainty in the fiux of cosmogenic 
z/'s regarding the chemical composition of UHE cosmic 
rays sec detailed discussion in |33j . Employing the upper 
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bound on the uN cross section derived from the RICE 
Collaboration search results 13 q| at E,j = 10^^ GcV (4 x 
lO^'^ mb for the FKRT i^-flux [36[)), one can infer from 
^-truncated model on the NC scale A^c to be greater 
than 455 TeV, a really strong bound. Here we have used 
0fj.v ^ c^'^/A^Q such that the matrix elements of c are of 
order one. 

One should however be careful and suspect this re- 
sult as it has been obtained from the conjecture that 
the 0-expansion stays well-defined in the kinematical re- 
gion of interest. Although a heuristic criterion for the 
validity of the pcrturbative 0-expansion, -^/s/^nc ^ 1: 
with s = 2Ei,Mn, would underpin our result on Anci 
a more thorough inspection on the kinematics of the 
process does reveal a more stronger energy dependence 
i^y^s^/'^/ANc ^ 1- In spite of an additional phase-space 



suppression for small x's in the ^^-contribution IJj of the 
cross section relative to the ^-contribution, we find an un- 
acceptably large ratio a{9'^)/a{9) ~ 10^, at Anc = 455 
TeV. Hence, the bound on Anc obtained this way is in- 
correct, and our last resort is to modify the model ade- 
quately to include the full-0 rcsummation, thereby allow- 
ing us to compute nonperturbatively in 9. 

The behavior of the cross section with the NC scale at 
fixed = 101° GeV and E^ = 10" GeV, together with 
the upper bounds depending on the actual size of the 
cosmogenic :^-flux (FKRT [3g| and PJ [s^l) as well as the 
total SM cross sections at these energies, are depicted in 
our Figure EJ In order to maximize the NC 0-exact effect 
we choose coi - cis = co2 - C23 = C03 = 1. 

If future data confirm that UHE cosmic rays are 
composed mainly of Fc nuclei, as indicated, for the time 
being, by the PAO data, then still valuable information 
on Anc can be obtained with our method, as seen in 
FigE] . Here we see the intersections of our curves with 
the RICE results (cf. Figl^]) as a function of the fraction 
a of Fe nuclei in the UHE cosmic rays. On top of results, 
presented in Figsl2] and [3l we also have the NC scale 
given as a function of the plasmon frequency (FigHJ and 
as a function of the Tdec from BBN (Figl5|), respectively. 
All results depicted in Figsl2][5l shows closed/convergent 
behaviour. In our opinion those were the strong signs to 
continue research towards quantum properties of such 
0-exact noncommutative gauge field theory model. 

2. Covariant 9-exact Ui,(l) model 
Neutrinos do not carry an electromagnetic charge and 
hence do not couple directly to photons. However, in the 
presence of spacetime NC, it is possible to couple photons 
to neutral and "chiral" fermion particles 33|, |3J] . 

We start with the following SW type of NC U*(l) 
gauge model: 



5= / -JF^"'i.F^, + ^^i.p^.^ 



(4) 



with definitions of the nonabelian NC covariant deriva- 



tive and the field strength, respectively: 



— d^Ay — dyA^ — i[A^ I Ai,\, 



(5) 



All the fields in this action arc images under (hybrid) 
Seiberg-Witten maps of the corresponding commutative 
fields and il). Here we shall interpret the NC fields as 
valued in the enveloping algebra of the underlying gauge 
group. This naturally corresponds to an expansion in 
powers of the gauge field and hence in powers of the 
coupling constant e. At each order in we shall deter- 
mine 0-exact expressions. 

In the next step we expand the action in terms of the 
commutative gauge parameter A and fields and ^ us- 
ing the SW map solution [3^ up to the 0{a^) order: 



A, = 



1 



A 



+ ^9'^''9P- 1 {ap *2 {daap + U^)) *2 ^.V' 

+ 2ap*2(9^(ap*2C'crV')) - aA'*2(9pa^*29crV') 

- {apdp,ip{di,a„ + f„„) - dpdpipa^a„) 
1 



A 



^Gi *2 9, A , 



(6) 



with A being the NC gauge parameter and fpi, is the 



abelian commutative field strength fpi, = 



duCLp 



The generalized Mojal-Weyl star products *2 and *3, 
appearing in ([6]), are defined, respectively, as 



fix) *2 g{x) = [fix) * gix)] 



died2 



2 



-fixi)gix2) 



(7) 



XI—X2—X 



ifix)gix)hix))i,^ = 



) sin( 



018(82+93) 



2 2 



+ {1^2} \fixi)gix2)hixi) 



(8) 



where 7k- is associative but noncommutative, while ★2 and 
*3 are both commutative but nonassociative. 

The resulting expansion defines the one-photon-two- 
fcrmion, the two-photon-two-fermion and the three- 
photon vertices, ^-exactly: 



Sn 



+ ^dpi9P-ap*2idaa, + f.,))*f^''. (9) 
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FIG. 6: Three- and your-field vertices 
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FIG. 7: One-loop self-energy of a massless neutrino 

The photon-fcrmion interaction up to 2-photon-2-fermion 
terms can derived by using the first order gauge field and 
the second order fcrmion field expansion, 



+ f9'''[iak*2{dia, + fu))*2d,^ 

+ 2ai *2 {dj{ak *2 dii;)) - *2 (dkO-] *2 diip) 
+ {uidk-ipidjai + fji) - dkdi'ipajai)^^]^ip 

+ U''e^'4,^[{ak *2 {dia, + fu)) M d,^ 

+ 2ai*2idj{ak*2diip))-ai*2idkaj*2diip) 

+ {aidkip{djai + fji)-dkdi'4>ajai)^J . (10) 

Note that actions for gauge and matter fields obtained 
above, © and ([TU| respectively, are nonlocal objects due 
to the presence of the (generalized) star products: *2 
and *3. Feynman rules from above actions, represented 
in Figl6l are given explicitly in (32| . 

3. Neutrino two-point function 
As depicted in Fig. [71 there are four Feynman diagrams 
contributing to the i/-self-energy at one-loop. With the 
aid of we have verified by explicit calculation that 



the 4-field tadpole (S2) does vanish. The 3-fields tad- 
poles (E3 and S4) can be ruled out by invoking the NC 
charge conjugation symmetry Thus only the Si 

diagram needs to be evaluated. In spacetime of the di- 
mensionality D we obtain 



Si = /i 



1 



(11) 



{{qepf{A~D){i> + i) 
{qOp) [fi{2p^ + 2p-q)- p{2q^ + 2p ■ q)] 
[i>{f[p' + 2p-q)-q\p^ + 2p-q)) 
4{f{q^+2p-q)-p^if + 2p-q))]}, 



where = {(^p)'^ = S'^'^Pu, and in addition p = 
{d9p)^ = O^^'Oypp'' . To perform computations of those in- 
tegrals using the dimensional regularization method, we 
first use the Feynman parametrization on the quadratic 
denominators, then the Heavy Quark Effective theory 
(HQET) parametrization [s^ is used to combine the 
quadratic and linear denominators. In the next stage we 
use the Schwinger parametrization to turn the denomi- 
nators into Gaussian integrals. Evaluating the relevant 
integrals for = 4 — e in the limit e — > 0, we obtain the 
closed form expression for the self-energy as 



Si = 7p 



A 



p^' A + (eOpY 



B 



(47r)2 



{Op? 

joep) 



i+p- 



(OpV 

{eopf 



Ai = - 



E 

k=l 



\{OpY 
Ht^^opf) 
{p\epf/Af 



{OpY 

ln(7re'''=) 

p\ep) 



A. 



(12) 

(13) 
(14) 



A2 ^ - 



T{2k 
(4^)2 



2) 



In 



2^/^0(2/0 + 2) 



B = -2 



(P 



E (2fc + l)(2fc 
2M2k + 2) 




(15) 



with 7e — 0.577216 being Euler's constant. 

The 1/e UV divergence could in principle be removed 
by a properly chosen countcrterm. However (as already 
mentioned) due to the specific momentum-dependent co- 
efficient in front of it, a nonlocal form for it is required. 

It is important to stress here that amongst other terms 
contained in both coefficients Ai and A2 . there are struc- 
tures proportional to 

(p2(6»p)2)"+^ (ln(p2(6)p)2))'»^ Vnandm = 0,l. (16) 
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The numerical factors in front of the above structures 
are rapidly-decaying, thus series are always convergent 
for finite argument, as we demonstrate in 32 1. 



4- UV/IR mixing 
Turning to the UV/IR mixing problem, we recognize a 
soft UV/IR mixing term represented by a logarithm, 



^ UV/IR 



tree 
j0pf 



(47r) 



Mpl{Bp)\. 



(17) 

Instead of dealing with nonlocal counterterms, we take 
a different route here to cope with various divergences 
beset ting p^ . Since 9^^ ^ makes a NC theory nonuni- 
tary [40|, we can, without loss of generality, chose 9 to 
lie in the (1, 2) plane 



(18) 
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1 










-1 


















0/ 



Automatically, this produces 



tr69 



, {e9pf 

■ {9pY 



0, Vp. 



(19) 



With (|19p . Si, in terms of Euclidean momenta, receives 
the following form: 



Si = 



-1 
(4^ 



,7^ 



1 



tr6'6' 



2 {9pf 



- 2{9epY 



[Op? 



A2. 

'(20) 

By inspecting ([15]) one can be easily convinced that A2 
is free from the 1/e divergence and the UV/IR mixing 
term, being also well-behaved in the infrared, in the 
6' — > as well as 6'p — > limit. We see, however, that 
the two terms in (|20[) . one being proportional to and 
the other proportional to ^, arc still ill-behaved in the 
9p ^ Q limit. If, for the choice ([TS]). P denotes the 
momentum in the (1, 2) plane, then 9p = 9P. For 
instance, a particle moving inside the NC plane with 
momentum P along the one axis, has a spatial extension 
of size \9P\ along the other. For the choice 
9p Q corresponds to a zero momentum projection 
onto the (1, 2) plane. Thus, albeit in our approach the 
commutative limit [9 — >■ 0) is smooth at the quantum 
level, the limit when an extended object (arising due to 
the fuzziness of space) shrinks to zero, is not. We could 
surely claim that in our approach the UV/IR mixing 
problem is considerably softened; on the other hand, 
we have witnessed how the problem strikes back in an 
unexpected way. This is, at the same time, the first 
example where this two limits are not degenerate. 

5. Neutrino dispersion relations 
In order to probe physical consequence of the 1-loop 



quantum correction, with Y,i-ioopM from Eq. (3.25) in 
[32| . we consider the modified propagator 



1 



1 



(21) 



We further choose the NC parameter to be ([T8|) so that 
the denominator is finite and can be expressed explicitly: 



P 



Pi 



A. 



(23) 



where Pr represents r-component of the momentum p 
in a cylindrical spatial coordinate system and A2 = 
e2A2/(47r)2 = -B/2. 

From above one see that = defines one set of the 
dispersion relation, corresponding to the dispersion for 
the massless neutrino mode, however the denominator 
YP' has one more coefficient S' which could also induce 
certain zero-points. Since the A2 is a function of a single 
variable p^p^^ with p^ = Po — Pi — P2 ~ P3 ^^id p^ = 
Pi + pi; the condition E' = can be expressed as a 
simple algebraic equation 



2 -,2 



Aiz 



2 A 



i?U+ (1-6^2 



5i^ ) =0, (22) 



of new variables z :— p^ /p^, in which the coefficients are 
all functions oi y := p^p^/K^Q. 

The two formal solutions of the equation 



1 

T2 



I- A2]±2[A2- A. 



(23) 



are birefringent. The behavior of solutions ((23)) . is next 
analyzed at two limits y — > 0, and y — > 00. 

The low-energy regime: p^p^ ^ ^nc 

For y ^ 1 we set A2 to its zeroth order value b^/Stt^, 




± 2 



(859 ± 59) • pI , 



87r2 
^2 



- 1 



(24) 



obtaining two (approximate) zero points. From the 
definition of p^ and p^ we see that both solutions are 
real and positive. Taking into account the higher order 
(in y) correction these poles will locate nearby the real 
axis of the complex po plane thus correspond to some 
metastable modes with the above defined dispersion 
relations. As we can see, the modified dispersion relation 
((24)) does not depend on the noncommutative scale, 
therefore it introduces a discontinuity in the Anc ~^ 00 
limit, which is not unfamiliar in noncommutative theo- 
ries. 
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The high-energy regime: p^pl ^ A^q 

At ?/ ^ 1 we analyze the asymptotic behavior of 



*7r ^ , 



Try 



0{y- 



from [33 , therefore ([23]) can be reduced to 
z l±2i pl^pl±2ipl. 



(25) 



(26) 



We thus reach two unstable deformed modes besides the 
usual mode p^ = in the high energy regime. Here again 
the leading order deformed dispersion relation does not 
depend on the noncommutative scale Anc- 

6. Neutrino two-point function from alternative action 
Using the Fey nman rule of the alternative action (2.15) 
from Ref [32|, we find the following contribution to the 
neutrino self-energy from diagram Ei 



(47r)2 



1 f tree , jeep)' 

(0p)4 



3 (6*^)2 V(6»p)2 



(27) 



The detailed computation is presented in Ref. j32| (Ap- 
pendix B). Using the same technique and the choice 
we have found modified propagator of the following form 



Pr 



n 



i^ 



"377^ 



(28) 



Since the only pole for pq comes from p^ = 0, there is no 
modified dispersion relation. However, we can see that 
H = when \pr\ = 0, therefore there could be direc- 
tional dependent effect on the propagation. One may 
try a source function f{x^), then (neglecting some de- 
tails about time ordering) for a wave function 4){x) which 
propagates according to the scalar part of the modified 
propagator (|28l) one could have 



x^) ^ I d^x' I dV^e^P^^-'^">f{x') 



p. 

dV^e^'^'fip)- 

pZ 



(29) 



The direction dependent factor H could then take zero 
value for \pr\ ~ modes, thus give suppressive effect. 

We have to notice that there are no hard 1/e UV 
divergent and no logarithmic UV/IR mixing terms, and 
the finite terms like in and A2 are also absent. Thus 
the subgraph Ei docs not require any counter-term. 
However, the result p7|. does express powerful UV/IR 
mixing effect, that is in terms of scales terms, the Ei^„ 
experience the forth-power of the NC-scale/momentum- 
scale ratios ^ \p\~'^\Op\~'^ in (|27p . i.e. we are dealing 
with the Ei^jj ^ |5(Anc/p)^ within the ultraviolet and 
infrared limits for Anc smd p, respectively. 



7. Discussion and conclusions 
If new physics were capable to push the neutrino-nucleon 
inelastic cross section three orders of magnitude beyond 
the standard-model (SM) prediction, then ultra-high en- 
ergy (UHE) neutrinos would have already been observed 
at neutrino observatories. We use such a constraint 
to reveal information on the scale of noncommutativity 
Anc in noncommutative gauge field theories (NCGFT) 
where i^'s possess a tree-level coupling to photons in a 
generation-independent manner. In the energy range of 
interest (10^ to 10^ TcV for example) where there is al- 
ways energy of the system (E) larger than the NC scale 
(E / Af^C > 1), the perturbative expansion in terms of 
Anc retains no longer its meaningful character, thus 
it is forcing us to resort to those NC field-theoretical 
frameworks involving the full 0-resumation. Our numer- 
ical analysis of the contribution to the process coming 
from the photon exchange, pins impeccably down a lower 
bound on Anc to be as high as around up to 0(10'^) TeV, 
depending on the cosmogenic i/-flux. 

We should stress that from the same actions (HI [T0| . 
but for three different cosmological laboratories, that is 
from UHE cosmic ray neutrino scatterings on nuclei [33| , 
from the BBN nucle osy nthesis and from the reheating 
phase after inflation [4l|, we obtain very similar, a quite 
strong bounds on the NC scale, of the order of 10^ TeV. 
Note in particular that all results depicted in FigsI5][Sl 
show closed-convergent forms. 

Next we discuss 0-exact computation of the one-loop 
quantum correction to the I'-propagator. We in particu- 
lar evaluate the neutrino two-point function, and demon- 
strate how quantum effects in the 0-cxact SW map ap- 
proach to NCGFT's, together with a combination of 
Schwinger, Feynman, and HQET parameterization, re- 
veal a much richer structure yielding the one-loop quan- 
tum correction in a closed form. 

The closed form general expression for the neutrino 
self-energy ([T^ contains in (|14p both a hard 1/e UV term 
and the celebrated UV/IR mixing term with a logarith- 
mic infrared singularity In (0p)2. Results shows com- 
plete decoupling of the UV divergent term from softened 
UV/IR mixing term and from the finite terms as well. 
Our deformed dispersion relations at both the low and 
high energies and at the leading order do not depend on 
the noncommutative scale Anc- 

The low energy dispersion relation (|24p is, in principle, 
capable of generating a direction dependent superlumi- 
nal velocity, this can be seen clearly from the maximal 
attainable velocity of the neutrinos 

dE 



^ - yi + (859±59)sin2z9, (30) 

where is the angle with respect to the direction per- 
pendicular to the NC plane. This gives one more ex- 
ample how such spontaneous breaking of Lorentz sym- 
metry (via the ^-background) could affect the particle 
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kinematics through quantum corrections (even without 
divergent behavior hkc UV/IR mixing). On the other 
hand one can also see that the magnitude of super- 
luminosity is in general very large in our model, thus 
seems contradicting various observations. The currently 
largest superluminal velocity for neutrinos, (v — c)/c = 
(2.37 ± 0.32(stat.)+°;^i(sys.)) x IQ-^ reported by the 
OPERA collaboration ]5| , has been found to be suffer- 
ing from multiple technical difficulties lately |42|- Other 
experiments suggests much smaller values [43|-|45[. The 
authors consider here, on the other hand, that the large 
superluminal velocity issue may be reduced/removed by 
taking into account several further considerations: 

(a) First, the reason to select a constant nonzero 9 back- 
ground in this paper is computational simplicity. The 
results will, however, still hold for a NC background that 
is varying sufficiently slowly with respect to the scale of 
noncommutativity. There is no physics reason to expect 
to be a globally constant background ether. In fact, 
if the 9 background is only nonzero in tiny regions (NC 
bubbles) the effects of the modified dispersion relation 
will be suppressed macroscopically. Certainly a better 
understanding of possible sources of NC is needed. 

(b) Second; in our computation we considered only the 
purely noncommutative neutrino-photon coupling, it has 
been pointed out that modified neutrino dispersion rela- 
tion could open decay channels within the commutative 
standard model framework [4^. In our case this would 
further provide decay channel(s) which can bring super- 
luminal neutrinos to normal ones. 

(c) Third, as we have stated in the introduction, model 1 
is not the only allowed deformed model with noncommu- 
tative neutrino-photon coupling. And as we have shown 
for our model 2, there could be no modified dispersion 
relation(s) for deformation(s) other than 1, therefore it is 
reasonable to conjecture that Scibcrg-Wittcn map free- 
dom may also serve as one possible remedy to this issue. 

The essential difference of our results as compared to 
47| is that in our case both terms are proportional to the 
spacetime noncommutativity dependent 0-ratio factor in 
()19p . which arise from the natural non- locality of our ac- 
tions and does not depend on the noncommutative scale, 
but only on the scale-independent structure of the non- 
commutative 0-ratios. Besides the divergent terms, a new 
spinor structure {99p) with finite coefficients emerges in 
our computation, see (fT2 |) -([T5 |) . All these structures are 
proportional to , therefore if appropriate renormaliza- 
tion conditions are imposed, the commutative dispersion 
relation = can still hold, as a part of the full set of 
solutions obtained in (23). 

Finally, we mention that our approach to UV/IR mix- 
ing should not be confused with the one based on a the- 
ory with UV completion (Ayv < oo), where a theory 
becomes an effective QFT, and the UV/IR mixing mani- 
fests itself via a specific relationship between the UV and 
the IR cutoffs HEi. 



The properties summarized above are previously un- 
known features of 0-exact NC gauge field theory. They 
appear in the model with the action presented in sec- 
tion 2. The alternative action, and the corresponding 
I'-self-energy (P?]). has less striking features, but it does 
have it's own advantages due to the absence of a hard UV 
divergences, and the absence of complicated finite terms. 
The structure in ()27p is different (it is NC- scale/ energy 
dependent) with respect to the NC scale-independent 
structure from (fT9|). as well as to the structure arising 
from fcrmion self-energy computation in the case of *- 
product only unexpanded theories 47 lE^]- However. ((27)) 
docs posses powerful UV/IR mixing effect. This is fortu- 
nate with regard to the use of low-ener gy N CQFT as an 
important window to quantum gravity [51| and hologra- 
phy dl. 



Acknowledgment 

Work supported by the Croatian Ministry of Science, 
Education and Sport project 098-0982930-2900. I 
would like to thank Jiangyang You for many valuable 
comments/remarks. Author would also like to acknowl- 
edge support of Alexander von Humboldt Foundation 
(KRO 1028995), as well as to thanks W. HoUik and the 
Max-Planck-Institute for Physics, Munich, Germany, for 
hospitality. 

*Based on the plenary session talk given at the XXIX 
Max Born Symposium: Wroclaw-Poland 2011, "Super, 
Quantum & Twistors H", Wroclaw, 28-30 June 2011. 



[1] 

[2] 

[3] 
[4] 

[5] 

[6] 
[7] 



N. Seiberg and E. Witten, String theory and noncommu- 
tative geometry, JHEP 09 (1999) 032, hep-th/9908142". 
S. Minwalla, M. Van Raamsdonk and N. Scibcrg, Non- 
commutative perturbative dynamics, JHEP 0002, 020 
(2000) arXiv:hep-th/9912072 . 

A. Matusis, L. Susskind, and N. Toumbas, The IR/UV 
connection in the non-commutative gauge theories, JHEP 
12 (2000) 002 [hep-th/0002075j . 

CP. Martin, D. Sanchez-Ruiz, The One-loop UV Di- 
vergent Structure of (7(1) Yang-Mills Theory on Non- 
commutative R*, Phys. Rev. Lett. 83 (1999) 476-479, 
hep-th/9903077 . 

T. Adam et al. [ OPERA Collaboration ], Measurement 
of the neutrino velocity with the OPERA detector in the 
CNGS beam, [arXiv:1109.4897V 2 [hep-ex]]. 
T. Filk, Divergencies in a field theory on quantum space, 
Phys. Lett. B376 (1996) 53. 

H. Grosse and R. Wulkenhaar, Renormalisation of 
(j}'^ theory on noncommutative in the matrix 

base, C ommun. Math. Phys. 256 (2005) 305-374, 
[hep-th/0401128j . 



8 



[8] 



[9] 



[10] 



[11] 



[12] 



[13] 



[14] 



Behr, N. G. Desh- 
J. Trampetic and 



[15] 



S. Meljanac, A. Samsarov, J. Trampetic and M. Wohlge- 
nannt, Scalar field propagation in the cj>'^ n-Minkowski 
model, JHEP12 (2011) 010. larXiv:llll. 55531 [hep-th], 
J. Madore, S. Schraml, P. Schupp, and J. Wess, Gauge 
theory on noncommutative spaces, Eur. Phys. J. C16, 
161 (2000) arXiv:hep-th/0001203 , B. Jurco, S. Schraml, 
P. Schupp, and J. Wess, Enveloping algebra valued gauge 
transformations for non-Abelian gauge groups on non- 
commutative spaces, E ur. Phys. J. C17, 521 (2000) 
[arXiv:hep-th /0006246| A. A. Bichl, J. M. Grimstrup, 
L. Popp, M. Schweda, R. Wulkenhaar, Deformed QED 
via Seiberg-Witten map, hep-th/0102103 , B. Jurco and 
P. Schupp, Noncommutative Yang-Mills from equiva- 
lence of star products Eur. Phys. J. C14, 367 (2000) 
[arXiv:hep th/0001032| , B. Jurco, L. Moller, S. Schraml, 
P. Schupp, and J. Wess, Construction of non-Abelian 
gauge theories on noncommutative space s, Eur. Phys. J. 
C21, 383 (2001) ~arXiv:hep-th/0104153'. 
X. Calmet, B. Jurco, P. Schupp, J. Wess and 
M. Wohlgenannt, The standard model on non- 
commutative space-time, Eur. Phys. J. C 23, 363 
(2002) [arXiv:hep-ph/0111115| , W. 
pande, G. Duplancic, P. Schupp, 
J. Wess, The Z — ^ 77/<7<7 decays in the noncommuta- 
tive standard model, Eur. Phys. J. C 29, 441 (2003) 
arXiv:hep-ph/0202121 , G. Duplancic, P. Schupp, 
J. Trampetic, Comment on triple gauge boson interac- 
tions in the non-commutative electroweak sector, Eur. 
Phys. J. C 32, 141 (2003) [arXiv:hep ph/0309138| , 
B. Mehc, K. Passek-Kumericki, J. Trampetic, 
P. Schupp, and M. Wohlgenannt, The standard 
model on non- commutative space-time: Electroweak 
currents and Higgs sector, Eur. Phys. J. C42, 483 
(2005), [arXiv:hep-ph/0502249l , The standard model 
on non- commutative space-time: Strong interactions 
included, ibid 499 arXiv:hep-ph/0503064; . 
P. Aschieri et al. Non-commutative GUTs, standard 
model and C, P, T, Nucl. Phys. B651, 45 (2003), 
[arXiv:hep-th70 205214 . 

P. Schupp, J. Trampetic, J. Wess, and G. RafTelt, The 
photon neutrino interaction in non-commutative gauge 
field theory and astrophysical bounds, Eur. Phys. J. 
C36 (2004) 405-410 hep-ph/0212292 , P. Minkowski, 
P. Schupp, and J. Trampetic, Neutrino dipole moments 
and charge radii in non- commutative space-time, Eur. 
Phys. J. C37 (2004) 123-128, [hep-th/0302175| . 

B. Melic, K. Passek-Kumericki, and J. Trampetic, 
Quarkonia decays into two photons induced by the space- 
time noncommutativity, Pliys. Rev. D 72, 054004 (2005) 
arXiv:hcp-ph/0503133 , K — ^ 717 decay and space-time 
noncommutativity, ibid 057502 [arXiv:hep-p h/0507231 , 

C. Tamarit and J. Trampetic, Noncommutative fermions 
and quarkonia decays, Phys. Rev. D 79, 025020 (2009). 
iarXiv:0812.1731 [hep-th]]. A. Joseph, Particle phe- 
nomenology on noncommutative spacetime, Phys. Rev. 
D 79 (2009) 096004 arXiv:0811.3972 [hep-ph]]. 

T. Ohl and J. Renter, Testing the noncommutative stan- 
dard model at a future photon collider, Phys. Rev. D70 
(2004) 076007. hep-ph/0406098 . A. Alboteanu, T. Ohl, 
and R. Ruckl, Probing the noncommutative standard 
model at hadron colliders, Phys. Rev. D74 (2006) 096004 
hep-ph/0608155 , The Noncommutative standard model 
at 0{e^), Phys. Rev. D76 (2007) 105018 0707.3595 . 
T. Ohl, C. Speckner, The Noncommutative Standard 



[16 

[17 

[18 
[19 

[20 

[21 
[22; 

[23; 

[24 

[25; 
[26 
[27 

[28; 



[29 

[3o; 



[31 
[32; 

[33 

[34 



Model and Polarization in Charged Cauge Boson Pro- 
duction at the L HC, Phys. Rev. D82 (2010) 116011 
|arXiv:1008.4"7T0l [hep-ph]]. 

M. Buric, D. Latas, V. Radovanovic, and J. Trampetic, 
Nonzero Z — s- 77 decays in the renormalizable gauge sec- 
tor of the noncommutative standard model, Phys. Rev. 
075 (2007) 097701. 

A. Bichl, J. Grimstrup, H. Grosse, L. Popp, M. Schweda, 
and R. Wulkenhaar, Renormalization of the noncommu- 
tative photon self-energy to all orders via Seiberg-Witten 
map, JHEP 0106, 013 (2001), arXiv:hep-th/0104097 . 

C. P. Martin, The gauge anomaly and the Seiberg-Witten 
map, Nucl. Phys. B652, 72 (2003), hep-th/0211164 . 

F. Brandt, C. P. Martin, and F. R. Ruiz, Anomaly free- 
dom in Seiberg-Witten noncommutative gauge theories, 
JHEP 0307, 068 (2003), tarXiv:hep- th/0307292' . 
M. Buric, V. Radovanovic, and J. Trampetic, The one- 
loop renormalization of the gauge sector in the non- 
commutative standard model, JHEP 03 (2007) 030, 
[hep-th/0609073] . 

D. Latas, V. Radovanovic, and J. Trampetic, Non- 
commutative SU(N) gauge theories a nd asymptotic fre e- 
dom, Phys. Rev. D76 (2007) 085006, 'hep-th/0703018'. 
C. P. Martin, C. Tamarit, Renormalisability of the mat- 
ter determinants in noncommutative gauge theory in the 
enveloping-algebra formalism, Phys. Lett. B 658, 170 
(2008) jarXiv:0706.4052l [hep-th]]. 

M. Buric, D. Latas, V. Radovanovic and J. Tram- 
petic, The absence of the 4ip divergence in noncommu- 
tative chiral models, Phys. Rev. D 77 (2008) 045031 
;arXiv:0711.0887 . 

C. P. Martin, C. Tamarit, Noncommutative GUT in- 
spired theories and the UV finiteness of the fermionic 
four point functi ons, Phys. Rev. D80, 065023 (2009) 
larXiv:0907.2464' [hep-th]] . 

C. P. Martin, C. Tamarit, Renormalisability of noncom- 
mutative GUT inspired field theories with anomaly safe 
groups, JHEP 0912 (2009) 042 [0910.2677 [hep-th]]. 
C. Tamarit, Noncommutative GUT inspired theories with 
U(l), SU(N) groups and their renormalisability, Phys. 
Rev. D 81 (2010) 025006 l ;arXiv:0910.5195l [hep-th]]. 
M. Buric, D. Latas, V. Radovanovic and J. Tram- 
petic, Chiral fermions in noncommutative electrodynam- 
ics: renormalizability and dispersion, Phys. Rev. D 83 
(2011) 045023 ar Xiy: 1009.4603 , 

R. Jackiw and S. Y. Pi, Covariant coordinate transfor- 
mations on noncommutative space, Phys. Rev. Lett. 88, 
111603 (2002) [ar Xiv:hep th/0111122|. 
J. Zeiner, PhD thesis. 

P. Schupp and J. You, UV/IR mixing in noncommutative 
QED defined by Seiberg-Witten map, JHEP 0808, 107 
(2008) arXiv:0807.4886 [hep-th]]. 

R. Horvat, A. Ilakovac, J. Trampetic and J. You, On 
UV/IR mixing in noncommutative gauge field theories, 
JHEP12 (2011) 050 arXiv:1109.2485 [hep-th]. 
R. Horvat, A. Ilakovac, P. Schupp, J. Trampetic and 
J. You, Neutrino propagation in noncommutative space- 
times, larXiv:1111.495l1 [hep-th], to be published in 
JHEP. 

R. Horvat, D. Kekez, and J. Trampetic, Space- 
time noncommutativity and ultra-high energy cosmic 
ray experiments, Phys. Rev. D 83, 065013 (2011), 
[arXiv:1005.3209lhep-ph]j . 
R. Horvat, D. Kekez, P. Schupp, 



J. Trampetic and 



9 



[35] 

[36] 
[37] 

[38] 

[39] 
[40] 

[41] 



J. You, Photon-neutrino interaction in theta-exact eo- 
variant noneom mutative field theory, Phy s. Rev. D 84 
(2011) 045004 [arXiv: 1103.3383 [hep-ph]"] , R. Horvat, 
A. Ilakovac, P. Schupp, J. Trampetic and J. You, Yukawa 
couplings and seesaw neutrino masses in noneommuta- 
tive gauge theory, arXiv:1109.3085 [hep-th]. 
J. Abraham et al. [Pierre Auger Collaboration], Upper 
limit on the cosmic-ray photon flux above 10^^ eV us- 
ing the surface detector of the Pierre Auger Observatory, 
Astropart. Phys. 29, 243 (2008) [0712.1147 [astro-ph]]. 
Z. Fodor, S. D. Katz, A. Ringwald and H. Tu, Bounds on 
the cosmogenic neutrino flux, JCAP 0311, 015 (2003). 
R. J. Protheroe and P. A. Johnson, Propagation of 
ultrahigh- energy protons over cosmological distances and 
implications for topological defect models, Astropart. 
Phys. 4, 253 (1996) [arXiv:astro-ph/9506119| . 
I. Kravchenko et al, Limits on the ultra-high energy elec- 
tron neutrino flux from the RICE experiment, Astropart. 
Phys. 20, 195 (2003). 

A. G. Grozin, Lectures on perturbative HQET. I, 
hep-ph/00 08300 

J. Gomis and T. Mehen, Space-time noneommutative 
field theories and unitarity, Nucl. Phys. B 591, 265 



(2000) [arXiv:h ep-th/0005129 . 

R. Horvat, J. Trampetic, Constraining spacetime non- 
commutativity with primordial nucleosynthesis, Phys. 
Rev. D 79, 087701 (2009) |arXiv:0901.4 253 [hep-ph]], A 
bound on the scale of spacetime noncommutativity from 
the reheating phase after inflation, Phys. Lett. B 710, 
219 (2012) [1111.6436 [hep-ph]]. 
[42] http:/ / news.sciencemag.org/ scienceinsider /2012/02/ 1 



breaking-news-error-undocs-fastcr.html 

http;/ /news. sciencemag.org/scienceinsider/2012/02/ 

breaking-news-error-undoes-faster.html, 

http: / /www. nature. com/news/flaws- found-in-faster- 

than-light-neutrino-measurement-1. 10099 

http: / /www. nature. com/news/flaws-found-in-faster- 

than-light-neutrino-measurement-1. 10099 

http: / / news.sciencemag.org/ scienceinsider/2012/02 / 

ofRcial-word-on-superluminal-ne.html 

http: / / news.sciencemag.org/ scienceinsider /2012/02/ 

ofEcial-word-on-superluminal-ne.html 

http: / /www. nature. com/news/timing-glitches-dog- 



neutrino-claim- 1.10123 

http: / /www. nature. com / news / timing-glitches-dog- 
neutrino-claim- 1.10123 

[43] K. Hirata et al. [KAMIOKANDE-II Collaboration], 06- 
servation of a Neutrino Burst from the Supernova SN 
1987a, Phys. Rev. Lett. 58 (1987) 1490. 

[44] R. M. Bionta, G. Blewitt, C. B. Bratton, D. Casper, 
A. Ciocio, R. Glaus, B. Cortez, M. Crouch, S.T. Dye, S. 
Errede et al, Observation of a Neutrino Burst in Coinci- 
dence with Supernova SN 1987a in the Large Magellanic 
Cloud, Phys. Rev. Lett. 58 (1987) 1494. 

[45] M. J. Longo, TESTS OF RELATIVITY FROM 
SN 1987a, Phys. Rev. D 36 (1987) 3276. 

[46] A. G. Cohen and S. L. Glashow, Pair Creation Con- 
strains Superluminal Neutrino Propagation, Phys. Rev. 
Lett. 107 (2011) 181803, arXiv: 1109.6562 [hep-ph]]. 

[47] M. Hayakawa, Perturbative analysis on infrared aspects 
of noneommutative QED on R**4, Phys. Lett. B 478, 
394 (2000) arXiv:hep-th/9912094 , 

[48] L. Alvarez-Gaume and M. A. Vazquez-Mozo, Ceneral 
properties of noneommutative field theories, Nucl. Phys. 



[49] 



B 668, 293 (2003) [arXivdiep-th/0305093 . 
S. A. Abel, J. Jaeckel, V. V." Khoze^and A. Ring- 
wald, Vacuum birefringence as a probe of Planck 
scale nonco mmutativity, JHEP 0609, 074 (2006) 



arXiv:hep-ph/0607188 



Perturbative analysis on infrared and ultraviolet aspects 
of noneommutative QED on 7?*, 'hep-t h/9912167^ Per- 
turbative ultraviolet and infrared dynamics of noneommu- 
tative quantum field theory, arXiv:hep-th/0009098' 

[50] F. T. Brandt, A. K. Das, J. Frenkel, General structure 
of the photon selfenergy in noneommutative QED, Phys. 
Rev. D65 (2002) 085017 |hep-th/0112127, . Dispersion 
relations for the selfenergy in noneommutative field the- 
ories, Phys. Rev. D66 (2002) 065017 liei>th/0206058;. 

[51] R. J. Szabo, Quantum Cravity, Field Theory and Signa- 
tures of Noneommutative Spacetime, Gen. Rel. Grav. 42 
(2010) 1-29 arXiv:0906.2913„ [hep-th]]. 

[52] R. Horvat and J. Trampetic, Constraining noneommu- 
tative field theories with holography, JHEP 1101 (2011) 
112 [arXiv: 100 9.2933 [hep-ph]]. 



